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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



TECHNICAL MEMORANDUM HO. 718 



DEVELOPMENT OF THE RULES GOVERNING THE 
STRENGTH OF AIRPLANES* 
By H. G. Eussner and Karl Thai an 

PART III. LOADING CONDITIONS IN FRANCE ,■ ITALY, HOLLAND 
AND RUSSIA - AIMS AT STANDARDIZATION 
8. French Loading Conditions 



The French strength specifications originally avoid- 
ed all numerical data and left the test decision open for 
each individual case. Aroused "by the rapid development of 
pursuit and acrobatic airplanes toward the end of the war, 
the assumption of sudden pull-out at high angle of attack 
from a vertical nose dive, formed the basis upon which to 
analyze wing strength. On the premises that the drag co- 
efficient of the whole airplane in a nose dive is approxi- 
mately equal to the drag coefficient for maximum 

horizontal flight v h at ground level, the S.T.Ae'. pre- 
scribed tho classical formula 



n A = k | (0.036 v h ) 3 = 0.007 ^-i-ZL 



(50) 



for the load factor of case A. 



The center of pressure was at one third of the wing 
chord . 

In 1922 (reference 61) the k factors were prescribed 



*"Die Entwicklung der Festigkeit svor schrif ten fur Flugzeuge 
von den Anfangen der FlugteAhnik bis zur Gegenwart . " Luft- 
f ahrtf o r Sc'hung , June 21, 1932, pp. 38-52. (For Parts I and 
II, see N.A.C.A. Technical Memorandums Nos. 716 and 717.) 
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Pursuit single-Beat monoplane, 
" " mul.t,iplane , 

Other military monoplanes, 
" " mul t ip lanes , 

Nonmilitary monoplanes, 
" multiplanes 



15 (m*/kg 3 s ) 



10 
11 . 



7.5 

9 

7.5 



The inclination of the resultant .of the air loads to- 
ward the wing chord shall he 4:1 in case B. The point of 
application shall be determined from the wing polars. In 
case C the stress of the wings is investigated by its in- 
ternal drag. The load factor in cases B and C iB a stat- 
ed fraction of the A-case load factor* In - case D the load 
factor shall be nj) = 0.5 n A for all airplanes. 

* 

Niles, after critically comparing formula (50) with 
the U. S. load factor, came to the conclusion that accord- 
ing to it some of the newer pursuit airplanes would be of 
inferior strength, whereas commercial airplanes, which 
practically nevar get into a nose dive, would become exces- 
sively strong. 

Br.eguet and Devillers (reference 63) also criticized 
this formula and adduced the empirical breaking load fac- 
tor, especially for commercial airplanes, from the stress 
in a vertical gust. Starting from the reasoning that a 
sharp pull-out at high speed is an unduly vitiating load- 
ing condition for commercial types, and that such a maneu- 
ver was not at all executable, particularly with large air- 
planes, they analyzed the motion of an airplane flying into 
a gust roller with sinusoidal distribution of the vertical 
velocity under the assumption of steady lift coefficients. 
The maximum stress is reached in the case of sudden rise of 
vertical velocity 



n 



= 1 + 



2 d a 




(51) 




gust Velocity w = 3 m/ s , safety factor 2.5 of static 
.quota and 5 as that of -the dynamic quota, the . breaking 
load factor becomes 
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n Br = 2.5 + 3.75 -|- (52) 

The breaking load factor by this formula deviates for 
different commercial airplanes only slightly from 6 as con- 
trasted with formula (50) which, even with the minimum 
k = 7.5 yields unnecessarily high load factors in some 
cases. It was therefore believed that a constant load 
factor of 6 was perfectly sound for commercial aircraft. 
But this no longer holds true to-day, where the number of 
airplane typos has increased consistently. 

i.. 

The Permanent Commission for Aeronautical Research, 
with which the S.T.Ae. and the International Commission 
for Air Navigation were affiliated, came to the conclusion 
in 1925 (reference 64) that formula (50) rendered the pre- 
liminary static analysis difficult, because the speed v^ 
was determinable only after test flights. Moreover, since 
the arbitrary k factors were simply empirical, a deter- 
mination of the load factors independent of the 3peed but 
dependent upon the gross weight of the airplane, was pref- 
er^.bl e . 

The load factors set up by the two Commissions are 
given in 



Table XXIX. Fronch Load Factors, 1925 
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These load factors were "based in part upon accelera- 
tion measurements made by Huguenard, Magnan, and Planiol 
(ref eren6e 65) . 

Por case B (c.p. position corresponding to that for 
maximum horizontal flight), the load factor is' n^ = 0.75 
n A . 

Case C shall be analyzed for a nose dive with termi- 
nal velocity; the load factor, better called safety factor 
in this case, is given in table XXIX. 

Por wheel landing from normal flight attitude (pancak- 
ing) , the impact factor is 6 for all airplanes except for 
the special group, where it shall be 4.5. 

As vertical component of the landing shock for the 
landing gear 5 times the gross weight of the airplane shall 
be assumed (3.5 times fog special group). The resultant 
slopes 27 forward and 9 sidewise against the vertical. 
For the rest, the specifications woro similar to those 
found in the 1927 edition of the Bureau Veritas. 

The CINA, originated in Prance, began in 1925 with the 
promulgation of "minimum. requirements for obtaining an 
airworthiness certificate," The loading conditions con- 
tained therein had, in May 1929, progressed to the follow- 
ing stage: 

General Specifications for Stress Analysis and Testing 

The tests or stress analyses are subject to the fol- 
lowing rules: 

a) for the successively assumed flight attitudes or 

movements on the ground the loads produced un- 
der these conditions and which the different 
parts of the airplanes have to carry, are deter- 
mined and, except for the forces sot up by the 
propeller, multiplied by the load factor cited 
in the subsequent chapter. 

b) The forces produced by the propeller are intro- 

duced in actual magnitude when computing the 
airplane speed. In case of fatigue stress of 
the airplane, thrust and propeller torque shall 
be multiplied by the load factors given in the 
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subsequent section if these load factors are 
less than 2.5; "but in any other case, with 2.5. 

When static strength tests are required, it must "be 
■proved during these tests whether the total stress assumed 
according to the above data, produces forces which actual- 
ly cause failure in some part of the structure. 

Granted sufficient design data, they may be referred 
to breaking limit or elastic limit; but in all cases the 
different assumed load factors must be such as to give as- 
surance of an identical factor of safety as the static 
strength tests with the load factors (given in the next 
section) would revoal. 

Analysis and Strength Test of Wings 

Case I: Flight; with c.p • far forward n This case 

corresponds to pull-out from a nose dive and 
to horizontal flight in a vertical up-gust. 

It shall be assumed that the airplane flies horizon- 
tally at the angle at which the center of pressure of the 
air loads is farthest forward. The forces improssed here- 
by on the different parts of the airplane shall be analyzed 
anci the following breaking load factors appliod thereto: 

Grose weight of airplane <lt 1 to 5 t >5t 

Class 1 (normal) 7 7 » 5 5 

» 2 (special) 5 5 » 4 4 

» 3 (acrobatic) 9 9 » 7 7 

The load factors for airplanes having a total weight of 
from 1 to 5 t change linearly. 

Case II: Flight at maximum speed. 

The airplane --shall be assumed to fly horizontally at 
its top speed v^ without the power and r.p.m. of the en- 
gines exceeding their respective internationally accepted 
figures. The loads impressed thereby on the individual 
parts of the airplane shall be analyzed and the pertinent 
load factors applied; they are three fourths of the value 
of case I... 
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Case IIIi Hose dive (c.p. farthest to the rear). 

The airplane shall "be assumed to dive at its limit- 
ing velocity with power off. The loads impressed hereby 
upon the individual parts of the airplane shall he ana- 
lyzed and the following load factors applied: 

Airplanes of class l (normal) 1.5 

» » » 2 (special) 1.2 

» » " 3 (acrobatic) - 2.5 

Case IV: Rough landing. 

The airplane shall be assumed to be in horizontal at- 
titude and drop vertically when touching the ground, after 
which the weight of the different members of the structure 
shall be multiplied as follows: 

Airplanes of class 1 (normal) 6 

■ , " * 2 (special) 4.5 

" » » 3 (acrobatic) 6 

Aside from the four main cases, there are the follow- 
ing special cases.: 

a) It shall be assumed that the airplane attains to 

attitudes 1 and 2 successively; hereby half of 
the above-cited load factors for analyzing the 
produced forces are assumed, and it must be 
proved whether, after failure of one bracing or 
fitting, any part. of the cellule is under great- 
er than its breaking load. 

b) The loads on the wings shall bo analyzed for tho 

case that the airplane taxies or that the engines 
rotate on the ground separately or collectively, 
whereby the highest permissible torque shall be 
assumed and a unit load factor of 2.5 applied. 
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• Analysis and Tost of Control Surfaces 

„_ ^^S&0*-yor.ti.G.a^ ta-il surf aces of the airplanes of class 
1 (normal) and of class 2 (special) shall be designed to 
withstand a moan test load porpendicular to their surfaces, 
which is defined according to the formula q, = 3.S v^, 
but w hich in no case must bo less than 70 kg/m s . 

The distribution of this mean load over the fin sur- 
face shall be uniform, triangular over the rudder. The 
apex of the triangle shall lie over the o-uter edge, its 
base over the axis in unbalanced, and over the leading 
edge in balanced, elevators. 

The strength of the fin attachment to the fuselage 
and of the rudder must be at least equal to the applied 
1 o ad s , 

Fin and rudder and fittings must, without abnormal 
fatigue, sustain the stresses sot up by control forces in 
flight or on the ground. 

These regulations were revised July 1931, and amended 
as follows: 

Elevators and stabilizers shall be analyzed with that 
of the following loads which produces the greatest stress: 

a) A steady load equal to that specified for the ver- 

tical tail surfaces. 

b) The loads resulting from the eqtiilibr ium equations 

for the first three flight attitudes with the 
same load factors as for the wings. 

c) The load set up when the part of the elevator ly- 

ing on one side of the line of symmetry of the 
airplane is loaded' separately. If 'not amonable 
' to direct analysis it may be assiimed that the 
corresponding load is for the time being half of 
the loads found under a) and b) . 

For the investigation of the equilibrium equations 
in case b) , the e.g. of the airplane yielding the maxi- 
mum load on the control surfaces shall be assumed. 

The load distribution over top and bottom of wing on 
one hand, and over span and chord on the other, depends 
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upon the results from full-scale or model tests. When 
such are not available, officially recognized publications 
may be consulted. The fin attachments on the fuselage and 
of the elevator must be designed to withstand at least the 
stresses produced by the loads on the tail surfaces. 

Ailerons shall be analyzed for the loads accruing from 
the second load case, the ailerons shall be assumed to be 
displaced 3° downward^ and the load factors for the wings 
shall be applied; intensity and distribution of the loads 
to be taken from experiments or, lacking these, from of- 
ficially recognized' publications. Aileron fittings shall 
bo designed to withstand at loast the stresses impressed 
by the aileron loadings. 

Landing Gears 

For landing-gear design, three conditions must be 
complied wi th: 

1. With an airplane in flight- attitude, it shall be 

assumed that only the wheels touch the ground, 
The total- weight shall be multiplied by a load 

factor 4. 

2. The airplane attitude is as above, but the result- 

ant of the loads is no longer vertical but shall 
be assumed inclined in a plane perpendicular to 
the longitudinal axis of the airplane so that 
the horizontal component equals 0.7 times the 
gross weight of the airplane. 

3. The airplane is in the same attitude and subjected 

to the same loads as in the first case. But the 
resultant of the loads shall be assumed to be in- 
clined in a vertical plane through the longitu- 
dinal axis of the airplane, so that, the horizon- 
tal component is equal to one fourth of the re- 
sultant. 

Tho stresses of the parts supporting tho fuselage 
shall be analyzed as follows: 

a) The airplane rests with the wheels and the support 
on a horizontal plane and its weight shall be 
multiplied with the load factor set up for the 
landing gear.. 
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b) If a skid is used, it and its fitting must be de- 
signed for 50 percent of tlie preceding ver.ti- 
.. .... .. cal .loads, and-f-or any position which the skid 

may assume. 

It must be proved that the loads on tho landing gear 
produced whon the airplano in. flight attitude, drops ver- 
tically, from a height h above the ground, do not exceed 
the above cited loads. The height h shall be 20 cm for 
airplanes having a landing speed not exceeding. 65 lcm/li. 
For those with a landing speed of more than, 65 km/h, 1 cm 
shall be added for each kilometer. . When wheel brakos arq 
used tho braking forcos shall not produco abnormal wear. 

Fuselage, Engine Frame, and Various Accessories 

Fuselage, engine supports, and their accessories (par 
ticularly cockpits, tanks, and their mountings), shall be 
analyzed for stresses in taxying and in flight. It shall 
be assumed: 

a) that wings, control surfaces, landing gear, and 
other parts supporting the fuselage are loaded ac- 
cording to the load schedule; 

b) that these loads are used to determine the inertia 
reaction of the static and dynamic loads of the 
airplane; 

c) that the loads and reactions cited under a) and b) 
occur simultaneously and under identical condi- 
tions ; 

d) that the forces produced by the propeller are mul- 
tiplied by the load factor which corresponds to th 
pertinent airplane motion. 

In multi-engine airplanes the un symmetrical forces 
which may occur whon one or more engines stop, must be 
taken into account. And lastly, the operating and trans- 
mitting parts of the control systems as well as their fit- 
tings shall at least be equal to tho forcos producod by 
the loads assumed for the elevators. " ■"" 

Because of the international aspect of these regula- 
tions a comparison with the German loading conditions 
should be of interest. 
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- Case 1 of the CINA corresponds to case A and is most 
important for -the strength of airplane wings. For smaller 
commercial airplanes of from 2 to . 4 t .weight, the CINA 
specifies about 40 percent greater strength than German 
airplanes which have proved their tvorth in many thousands 
of flying hours. Sport and light airplanes also must, ac- 
cording to the CINA specifications, have a 35 percent 
greater strength than that of reliable German types. If 
the CI1TA had stipulated a higher average speed range, the 
higher load factor would admittedly be justified but not 
for airplanes having a low speed range. Several French ex- 
perts likewise have raised objections to the load factor 
of case 1 . 

Case 2 differs from case B insofar as the actual lift 
coefficient is arbitrarily deduced from maximum horizontal 
flight, although the required high-load factor of this 
case n a = f n x is only attainable at the terminal veloc- 
ity of the nose dive, and even then is not attainable with 
airplanes having a high load factor (acrobatic group) . In 
other words, the CIHA specifies especially high safety for 
pull-out from high gliding and diving speed, which is not 
customary with commercial and sport airplanes. The same 
applies to case 3, which corresponds to our C case. The 
CINA specifies for all airplanes, not only for the acrobat- 
ic group, the nose-diving condition with terminal velocity. 
This requirement is contrary to practical experience, ac- 
cording to which diving with terminal velocity is practi- 
cally nonexistent even with larger airplanes. The German 
as well as the English strength specifications provide 
therefore a conformably lower C-caso speed. 

The formula for control surface stress corresponds, 
relative to the linear relationship with the maximum hor- 
izontal speed, to the gust formula (equation 30) of the 
DLA. 

The aileron loading is only about half of that pre- 
scribed by the DLA, It is questionable whether the aile- 
rons should be designed stronger even for reasons of rigid-* 
ity and gripping strength. 

In 1927 the specifications of the Bureau Veritas were 
as follows: 

Case C: dive with terminal velocity. 
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The propeller acts as windmill with 15 percent higher 
r.p.m. The propeller drag shall equal the wing drag for 
s mal 1 ,.ai rp,l.an e s., and less-f or— 1-arge -airplanes ; ' ■■" " 

Case B: horizontal flight at maximum speed, corre- 
sponding to pullr-out from a nosa dive. 

Case A; center of pressure far forward, corresponding 
to maximum angle of attack reached at end of 
nose dive. 

The required breaking-load factors are tabulated in. 



Table XZX a Load Factors, Bursau Ts-itas , 1927 





Normal 


ioru'batic 


Or (t) 


< 1 


1 to 5 


>5 


< 1 


1 to 5 


> 5 


Case A 


8 


8 to 6 




12 


12 to 9 


9 


" B 


6 


6 ". 4.5 


4.5 


9 


' 9 n 5.75 


6.75 


» C 


1.5 


1.5 


1.5 


2 


2 


2 



In airplanes designed for inverted flight, the corre- 
sponding loads in opposite directions shall be assumed at 
three fourths of the above cited load factors. 



The wing cellule shall be designed to withstand asym- 
metrical stresses equivalent to the maximum aileron loads 
multiplied by the above load factors. If there is uncer- 
tainty regarding this, the load factor on ono wing-half 
shall be equal to n ; on the other, equal to n - 1. 

The landing gear shall be designed to withstand a 
static load of five times the gross weight of the airplane, 
as well as a free drop from 0,5 m height for day airplanes 
and from 1.0 m height for night airplanes. The remainder 
of the airplane must be able to withstand the impact fac- 
tor S in landing. The landing gear shall also be strong 
enough to sustain oblique forces sloping at 9° against the 
plane of symmetry and one-wheel landing. 

Wings and fuselage shall be designed for .higher fa- 
tigue stress than that for which the landing gear is ana- 
lyzed. 
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The airplane shall have a safety factor of 2.5 "by- 
static propeller thrust and torque. Ailerons shall be de- 
signed to carry a load of 200 kg/m^, and the control sur^ 
faces for 60 percent of the maximum wing loading. The 
control-operating system shall be designed to withstand 
the maximum eleva-tor loads as well as frictional and im- 
pact loads. 

To • avoid forced wing oscillations (while in ignorance 
of the complicated processes), airfoils with small c.p. 
displacement are recommended. It was probably believed 
that the center of gravity of the wings would thereby be 
shifted farther forward, and so increase the critical 
speed. 

In 1929 the Bureau Veritas published a revised load 
schedule, plainly patterned after the loading conditions 
of the D.V.L., which had been published in the meantime. 
The excess stress due to temperature variation within the 
anticipated limits shall be investigated. 

All parts must be designed to carry the maximum stat- 
ic loads with a factor of safety of 2. In addition, it 
must be proved that all parts can carry the 1.5 times stat- 
ic loads without distortion; that is, the elasticity (yield) 
limit of the material must not be exceeded under the load- 
ing. In metal parts, subject to considerable vibrations, 
the stress in normal flight must not exceed the fatigue 
limit. 

The choice of calculation method is left free, but it 
is recommended to make the static analysis with the break- 
ing load equal factor of safety times outside load. 

Aside from some special cases, the maximum stresses 
occur in pull-out from the greatest prescribed nose dive 
(emergency position) and are greater as the diving speed is 
greater and the more suddonly the pull-out is effected, 

For flight with maximum lift the factors of the grav- 
ity forces (safe load factors) given in table XXXI shall 
be used as outside loads. 

This maximum lift shall , be assumed once for maximum 
angle of attack (lift coefficient), then for maximum div- 
ing speed. Magnitude and direction of the resultants of 
the air loads shall be taken from the polars. 
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Table XXXI, Safe. Load Factors, * Bureau Veritas, 1929 



Gross weight of airplane (t) 


< 1 


1 


to 


5 


> 5 


Normal 


3,5 


3.5 


to 


2.5 


2.5 


Acrobatic 


7.0 


7.0 


1! 


6,0 


6.0 


Acrobatic with speed limi- 
tation v c < 1,3 


4.5 


4.5 


tl 


3.5 


3.5 



a) When the nose dive is not limited by any distinct 
reaction of the elevator, the terminal velocity 
with allowance for propeller and elevator drag 
shall "be used as diving speed. 



b) When a reaction of definite magnitude on the ele- 
vator (10 to 15 kg for G < 5 t , 20 to 30 kg 
for G > 5 t) is not exceeded, by the pilot, 
then the maximum steady gliding speed belonging 
to the corresponding elevator Moment shall be 
considered as superior speed limit. 

In any case it should at least bo equal to 1.25 times 
the maximum horizontal speed (full throttle) . 

The airplane shall have a factor of safety of 2 for 
stresses at this speed (lift from 0 to maximum) . 

The, stress of an airplane in horizontal flight (cruis- 
ing speed) or in gliding with power off upon entry from 
calm air into a vertical air current (gust) of ± 11 m/s 
velocity shall be , investigated. Factor of safety, 2. • 

For large airplanes the local overloading by gusts 
whose 'intensity is about 1 to 2 times that . of steady lift, 
shall be investigated. 

Normal airplanes shall be designed for downward pres- 
sure (inverted flight) with 50 percent (acrobatic group, 
75 percent) of the load factor given in table XXXI. Air- 
planes designed for diving with terminal velocity shall be 
strong enough, to withstand the stresses in the range of the 
angles of attack contiguous to this flight attitude.. 

With a view to unsymmetrical stresses the stress, of 
one wing-half in normal airplanes shall be reduced by 1.0 
times; in acrobatic airplanes by 2 times the stoady lift. 
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In case of failure of one tracing member,, the remain- 
der must at least be strong enough to sustain 50 percent 
of the specified loads* AH loading conditions shall be 
in, combination with additional stresses due to maximum el- 
evator displacements and 2,5 times tho propeller thrust 
and torque, in normal horizontal flight. 

Control surface and control system parts shall bo an- 
alyzed in neutral setting, as parts of the. remaining air- 
plane and must withstand stresses, caused by displacement, 
with the same load factor as for the wings, but only for 
control forces of 30 kg on the arms, and of 50 kg on the 
legs; the factor of safety is 2. 

The landing gear in narmai flight attitude shall be de- 
signed to withstand 5 times the gross weight of the air- 
plane. The force direction is 1) vertical, 2) inclined 
10° forward, with the resultant passing through the fuse- 
lage aft of the vertical, 3) inclined at 10° forward and 
15^ toward the side. 

In three-point landing the landing gear and the skid 
shall absorb the same load in relation to their support re- 
actions in rest position. The heights of vertical drop of 
the airplane and the one-wheel landing are the same as in 
1927* The remaining parts of the airplane shall be de- 
signed for a dynamic load factor of 6 without exceeding 
the elasticity (yiold) limit. Tho case of nosing over at 
low speed shall also be analyzed. 

These new regulations of the Bureau Veritas constitute 
a real step forward. They are logically carried through 
on the premises that the wing stress is linearly dependent 
on the control forces - an assumption which holds fairly 
true for not unduly rapid control operation and unbalanced 
or slightly balanced elevators. In addition, it is assumed 
that the pilot does not exceed stated stick forces, with 
the result that the horizontal boundary lines of tho load 
factor and the hyperbolic boundary lines for the dynamic 
pressure are as shown in figure 42. 

The analysis of cases B and C is contingent upon the 
highest attainable speed for which the exact directions 
are given under which the speed limitation of normal air- 
planes by control pressure is noteworthy, thus voiding 
the contradictions contained in the old B case with stand- 
ardized lift coefficient c aB - ~ 0,3. 
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Higher stresses than those given within ranges 0 and 
B (see fig. 42) are not possible, at least with airplanes 
without- speed- limitation (dive with terminal velocity per- 
missible). It is more doubtful for airplanes without 
speed limitation (curve o, fig. 42) as to whether the per- 
missible speed can always be maintained and whether the 
factor of safety against maximum possible stross remains 
> 2. 

The greater expectancy of stresses within this range 
makes it necessary to figure with a strength lower than 
the tearing strength, i.e., to roughly divide the tearing 
strength by a faotor of safety. 

Higher stresses are always possible in ranges 3 to A 
when the permissible control is exceeded. And no pilot 
can guarantee to keep within a stated control force, espe- 
cially not in a moment of danger. To this zone 3-A the 
concept of safety conventional in structural statics 
against highest possible stresses also cannot bo applied, 
for if applied, it wotild lead to such high breaking-load 
factors that an economical airplane design would become 
impossible. Since the loading condition A, is the pri- 
mary consideration for the strength of the wing-truss 
structure and the least safety can be guaranteed for it 
in the usual sense of the word, the disinclination hereto- 
fore in airplane design against the factor of safety, will 
be readily understood. 

A noteworthy feature is the demand to investigate 
gust stresses in cruising flight, as earlier advocatod by 
Breguet. Despite the fact that the dominating effect of 
speed on the stross of airplanes was duly recognized a.gain, 
one still could not make up his mind to give up the con- 
stant load factors, so expedient for static analysis. 



9. Italian loading Conditions 



In his attempt at mechanically similar interpretation 
of the French formula 

■ n A = k | (0.036 v h ) 3 = 0.007 -r*--^— • 

•N ^0 Cw^ 
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for the iead factor of case A, Rota (reference 66) investi- 
gated the relationship "between wing weight, total weight 
of airplane, wing area, engine power, and speed for a 
number 'of airplanes. To be sure, the results obtained 
"were not uniform "because the discrepancies "between the 
existing types are even outwardly too glaring. 

The Italian specifications for "breaking-strength tests 
(reference 67) as published in bulletin no. 13, are much 
like the French Regulations of 1923. But the load factor 
is not given according to formula but graded according to 
flight speod and gross weight of airplane. 

In case A the resultant of the air loads is at one 
third of the wing chord and perpendicular to the plane of 
the wing. The "breaking-load factors n a are tabulated in 



Table XXXII. Italian load Factors, 1923 



V n .(km/h) 


< 0.75 


0.75 to 1.2 


Q- t) 

1.2 Ho 2 


2 to 6 


6 • 


100 


6 


6 


6 


6 


6 


125 


7 


6.5 


6;5 


: 6 


6 ■■ 


150 


8 


7.5 . 


7.5 


5.5 


6 


175 


9 


8,5 


8 


7 


6.5 


200 


10 


9 ' 


8.5 


7.5 


6.5 


225 


11 


10 


9 


8 


7 


250 


12 


10.5 


• 9.5 


8.5 




275 


12.5 


11 


10 


9 




300 


13 


12 









(km/h X .62137 = mi./hr.) 



n a ' = 1.15 n a for acrobatic airplanes, 

n a « = 0.90 n a " military «. 

In case B the inclination of the resultant against 
the chord is 9 n a :4 n D . In case C , the wings are stressed 
by their own drag. The load factor in cases 0 and B is 
n b = n c = 4,5 for airplanes with identical or similar 
front and rear spars, and = 3.0 for all others. For in- 
verted flight the ultimate load factor is ordinarily n&* 
= 2 and for landing na" w 9, wherein the most unfav- 
orable case shall be decisive. 
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.. .These regulations were revised in 1924 (reference 68). 
The load factors h' a for large airplanes were lowered 
considerably. (See table XXXIII.) 



Table XXXIII. Italian. Load Factors, 1924 



Vh (km/h) 


0.5 to 1 


1 to 2 


& (t) 

2 to 3 


3 to 4.5 


4.5 to 6 


500 to 400 


15 


13.5 


12 


10.5 


9 


400 " 300 


13 


.11.5 


10.5 . 


9 


8 


300 11 250 


11 


10 


9 


8 


7 


250 11 200 


9.5 


9 


8 


7 


6 


200 " 150 


8 


7.5 


6.5 


6 


5 


150 11 50 


6.5 


S 


5.5 


5 


4 



The loading conditions for wing strength shall be 
proved by analysis or load test for 

a) pull-out from a vertical dive, breaking-load fac- 
tor n a ; 

b) additive torsion by aileron displacement, speed 
as in case a (only for monoplanes and specially 
designed multiplanes); ' 

c) vertical dive with terminal velocity; 

d) inverted flight and landing. 

The load factor in case a for wing elasticity tests 

is 

; , n = |& > 2.5. : 

To allow for unsymmetrical stresses, the breaking-load fac- 
tor on one half of the wing shall be assumed as reduced bjr 
1. 

The load distribution over the span is proportional 
to the wing chord, but the wing tip at distance t/4 shs.ll 
be assumed as unloaded. The ribs shall bo investigated for 
triangular load distribution, once with the maximum .over 
the leading edge of the wing, then at one fourth~of the 
wing chord. 

The upward and downward loading of the horizontal tail 
surfaces shall be assumed equal to the ultimate wing load 
n a p. The up-load shall be in combination with three times 
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tlie force produced "by the static moment equilibrium (c.p. 
at one third wing chord) . The loading of the vertical tail 

surfaces is - that of ailerons 250 kg/m ? (51.20 lb./ 

sq.ft.), ,and shall always be uniformly distributed over the 
fixed and movable surfaces. The dynamic load factors for 
the landing gear are given in the following table. 

Taole XXXIV. Dynamic Load Factors of Landing Gear 





Elasticity test 


Ultimate load 




flying 


flying 




day 


night 


day 


night 


Hormal wheel landing 


3 . 


3.5 


5 


o 


Oblique landing, a = 27° 


2 


2.5 


3 


4 



In 1931 there appeared a draft by the Technical Com- 
mittee for the Soyal Italian Army and Wavy, which was pat- 
terned after the CI1TA regulations, while introducing the 
factor of safety 2 of the German loading conditions. 

Table XXXV. Italian "Safe Load Factors" % s , 1931 



Gross wt*» airplanes (t) 



< 1 



1 to 2 



2 to 3 



3 to 4 



4 to 5 



•> 5 



Stress category IT 

(normal) 
Stress category S 

(special) 

Stress category A 
(acrobatic) 



3.5 

2.5 

5.5 



3.3 



2.. 



5.1 



3.1 
2.3 

4,7 



2.9 
2.2 

4.3 



2.7 
2.1 

3.9 



2.5 
2.0 

3.5 



Wings and Cellule 



1. Plight with maximum lift coefficient. "Safe" load 



factor n 



as 



in accordance with table XXXV. In 
strength tests this load is the test load, where- 
as for wood designs, it is 0.8 n as .. 

2, Horizontal flight at maximum speed, "Safe" load 

factor n Ds = 0.75 n as . 

3, Flight at zero lift, The turning moment M, to 

be absorbed by the horizontal tail surfaces, is 
applied at the wings. It shall be 
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0.5 at < M = 0.2 n 8g at. < 0.75 at (53) 

4; ' Plight wl'tli"' negaTi'Te^lXf t "corresponding to in-. 

verted flight or flight in 'bumpy air (at maximum 
horizontal speed) ; safe load factor n ig .=? 0.5 

n as» 

5. Hough landing. "Safe" load factor. 

e = 3 • for category IT, 
e = 2.5 11 " S, 

e = 4.5 » » A. 

To allow for unsymmetrical stresses, the "safe" load 
factors n as and n^ s shall be reduced on one side of 
the wing by 0.5 for category IT and S, and by 1,0 for cate- 
gory A. If no wind-tunnel data are available, the distri- 
bution as given in figure 43 shall be applied. The unit 
(breaking) load of the vertical tail surfaces shall bo 

p s > O.S n a | ^ 3,6 v h (54) 

and 

100 < p = 0.04 v h 2 < 300 (55) 
for the ailerons. 

The following "safe" control forces shall be assumed: 

50 kg at stick vertical to axis, 

25 " each at rim of wheel tangential, 

50 11 on each rudder bar, 

75 " on both rudder bars. 

By dual control 75 percent of the separate forces 
shall be assumed. 

Landing aear 

The energy absorption of the shock absorber shall cor- 
respond to the height of drop 

•0.3 < h ■= ~'— 10~ 4 -< 0.7- ■■ (55) 

whereby the shock-absorber leg shall not be compressed ex- 
ceeding 0.75 h.. 
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a) Landing with center of gravity perpendicular above 

the wheel axle. The inclination of the wing 
chord forward toward the horiz-on ,, shall not ex- 
ceed 10°. "Safe" dynamic load factor 2,5. 

b) Landing in horizontal flight attitude. The' result- 

ant passes through the, wheel axle and the center 
of gravity. "Safe" dynamic load factor 2.5. 

c) Three-point landing. "Safe" dynamic load factor 

2.5. 



d) One wheel .landing in horizontal flight attitude. 
The transverse axis slopes at 15° toward the h 
rizoni "Safe" dynamic load factor 1.5. 



10. Dutch Loading Conditions 



The Dutch specifications for airplanes of May 28, 1924, 
followed the English very closely. Classes I and II, as 
well as load cases a to c are, in fact, identical with them. 



Each part of the airplane shall he so designed that 
it neither breaks nor "becomes excessively distorted nor 
elastically deformed. Eor analyzing the different struc- 
tural components the airplane shall he assumed to be im- 
pressed by the following loads without other outside forces* 

1. Wings. The following load cases shall be analyzed 
whose load distribution, multiplied by the load 
factor in table XXXVI, corresponds to the air 
loads of these cases; 

a) flight with extreme forward position of the 
upward resultant of the air load; 

b) flight with maximum speed v^ at ground level; 

c) dive with terminal velocity. The drag of the 
nonrotating propeller may be included. But 
the diving speed shall not be assumed greater 
than corresponds to the control force for the 
tail surface loading cited below. 



d) inverted flight. All controls are in neutral. 
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Table XXXVI. Dutch Load Factors, 1924 











— 






Weight 




Class I 




Class 


II ' 


(t) 


4= 2.3 


' 4o5 


^ 13.5 


^ 1.35 




> 4.5 


Case a 


5 


4 


4 


7.5 




6 


» b 


4 


3.25 


3 


5.5 




4.5 


" c 


1.25 


1.25 


1.25 


1.5 




1.5 


» d 








3 




3 



In addition, the wings shall "be designed to withstand 
loads which are transmitted to them from other parts of the 
airplane. The airplane shall still "be able to fly and re- 
main steerable after failure of one wing fitting. 



2. Tail surfaces. The loading of the fixed surfaces 

shall he uniform, that of the movable surfaces 
tapering to zero at the trailing edge. The max- 
imum pressure on the fixed surfaces and the lead- 
ing edge of the movable surfaces is 

p = iih ~ »n (57) 

3. The landing gear shall withstand the following load 

cases without aerodynamic forces: 

a) landing on both wheels, thrust line horizon- 
tal; 

b) three-point landing.- stress with at least 4 
times the gravitational forces; 

c) landing on one wheel, side load P = G. 

In load cases a and b, a 1.15 times safety factor 
against energy of striking shall be proved, which occurs by 
the absorption of the sinking energy through the landing- 
gear shock absorber. The rate of sinking is: 

w = 0.9 + 0.09 Vj, (58) 

4. The fuselage shall be designed to withstand the 

air loads on the wings and control surfaces as 
well as lil times the forces cited under 3. 
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Subsequently, Holland became affiliated wi th the CINA 
and amended its loading conditions in some "respects. 

;in the tabulation of the breaking-load factors of ta- 
ble XXXVII, it was assumed that the maximum load in flight 
does not exceed 50 percent of tho breaking load, except by 
the; fastest and most maneuverable airplanes. 

Table XXXVII. t Dutch Load Factors after Joining the CINA 



Weight 


Class 


I 




Class II 


(t) 


^ 1 




5> 5 




« 1 

i ■ - . . 




> 5 


Case a - 


.5 




, 4 . . 




. : 8 . 




6 


,|i b - 


4 




3.25 




/' 6 




5 . 


» c 










1.5 




1.5 


". d . 










4 




3 


Class 


I , intended 


for 


commercial 


aircraft , 


provides 



no case c or d. But then, case b .shall bo analyzed for 
that resultant of the air loads which exists at 1,3 times 
tho maximum, horizontal speed. 

In case d the air load is. applied at the same point 
but inversely from that for case a. The maximum pressure 
on the control surfaces is 



P = 



Jhl 

24 



~ 0.67 q h > 75 kg/m s 



(59) 



The tail load is,, like in the U.S. specifications, danger- 
ously low. 

On December 6, 1928, the Ri jksstudi edienst voor de 
Luchtvaart (Royal Institute for Aeronautical Research) is- 
sued new Technical Requirements for Airworthiness (refer- 
ence 69) , 



Proof of sufficient strength for divers attitudes in 
flight and on the ground shall be adduced. For these at- 
titudes loads are assumed which are termed possible ("pos- 
sible loading") , and which are arrived at by multiplying 
"normal loading"- in the pertinent attitude by a load fac- 
tor. . ■ • 
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To insure sufficient safety, the structure shall be 
designed to withstand the design load, which i s found from 
the "possible" loading "by multiplication with a factor of 
safety S. This factor of safety is the product of sever- 
al other factors ( subf actor s) . 

The first subfactor, 1.5, for normal cases, gives a 
safety with respect to errors in analysis, load distribu- 
tion, wear, etc. 

The amount of the other subfactors depends upon the 
importance of the particular part, on the fact as to wheth- 
er the materiel or the load schedule is such that, after 
exceeding the permissible stress, the particular part breaks 
immediately or that a greater distortion precedes the fail- 
ure (more brittle compared to pliable material, buckling 
versus tension failure, etc.), and on the test possibility 
of the part, when the airplane is in service condition. 
Besides, these subfactors give a guaranty against uncer- 
tainties in load distribution and stress analysis. 

Tor principal parts such as wings, fuselage, and land- 
ing gear, the total factor of safety S, as sum of these 
subfactors, shall ordinarily not be less than 1,8 for cases 
in which it can be assumed that the strticture does not fail 
even after exceeding the permissible loading, whereas for 
column load and for less pliable materials the total factor 
shall not be less than 2.0. 

The size of the subfactors which together form the 
factor of safety S, shall be proposed by the applicant 
and, after discussion with him, determined. 

The material stress produced as result of the design 
loading shall not exceed the permissible stress established 
for each material. This permissible stress of the material 
is that mean stress at which no great distortion occurs 
after unloading. As a general rule, the permissible stress 
of materials having a distinct yield limit shall lie at 
that very limit. For material parts exposed to vibrations 
or shock, the "safe" stress against this kind of loading 
shall be considered the permissible stress. 

The loading conditions for airplanes are: 

a) Tho airplane flies at a positive angle of attack 
such that the e.g. is in extreme forward position; 
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t) Maximum horizontal speed v^ at ground level; 

c) Gliding flight, with the speed equal to k times 
the speed in case b. The speed factor k is 
given in table XXXVIII. 

The gliding speed used in the analysis shall be stat- 
ed in the airworthiness certificate, thus making it abso- 
lutely clear that this speed may not be exceeded without 
danger and must also be shown in the airplane for the in- 
formation of the pilot. 

d) Inverted flight. The e.g. position as in case a, 
but in tho opposito direction. 

For analyzing the strength of the attachment of the 
wings with the fuselage and the forces which they exert 
on the fuselage, the following assumptions shall be made: 

1. The airplane is fixed at the wings and subjected 

to a combination of loads consisting of 0,67 of 
the loads of case a or b, with 0«50 of the mo- 
ment which the prescribed force exerts upon the 
vertical tail surfaces about the center of grav- 
ity. 

2, The airplane is fixed at the fuselage and 0.67 of 

cases a and b loading is applied with 

I. A rolling moment from loading one wing-half 
with a lift of 0.5 of the total weight of 
the airplane; 

II. A torque by twice the maximum propeller 

thrust from the propellers located on one 
side, outside of the median plane of the 
aircraft . 

For extremely maneuverable and speedy airplanes, high- 
er load factors n than given in table XXXVIII can be. 
asked. 
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Table XXXVIII. Dutch Load Factors, 1928 







Class I 




Class II 




Case 


a 


b 


c 


d 


a 


D 


c 


d 


Poaeible load 


















factor n 


3^5 


1.9 


1.0 


0.5 


3.75 


2.75 


1.0 


2.0 


Design ultimate 


















load factor 


5 


3.8 


2 


1 


7.5 


5.5 


2 


4 


Speed factor k 






1.3 








1.5 





These loadings shall, as much as possible, be distrib- 
uted according to the aerodynamic properties. Torsional 
and flexural stiffness shall also be taken into account 
in the dimensional analysis. 



Horizontal and vertical tail surfaces shall be de- 
signed to withstand the mean unit loading 

Vv, 2 

p = S -~- » 75 kg/m 3 (SO) 

whereby k = 32 for commercial airplanes, k = 32 to 48 
for other airplanes with v h = to 1^0 m/s, and S = 2 
to 2.2 as the factor of .safety. 

The horizontal surfaces shall be designed to with- 
stand the maximum horizontal moments in cases a, b, c, 
and d . 

The pressure distribution shall be assumed triangu- 
lar and rectangular, tapering to one third over the ele- 
vator. . Balancing surfaces must be strong enough to carry 
twi'ce the pressure of the other surfaces. 

The landing gear shall be analyzed for 

1. wheel landing, thrust line horizontal, resultant 
through the center of gravity; 

2. three-point landing with vertical reactions, which 
shall be at least twice the static load; 

3. wheel landing with 0,57 of the vertical component 
obtained under 1, and 1:4 side load. 
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The energy, absorption of the 'shock absorber shall, 
with 1.1 times safety, suffice for the same rate of sink- 
ins as in 1924. 

For analyzing the fuselage from the control surface 
loading it shall be assumed that the : fuselage is solidly 
suspended from the wing fittings and subjected to the 
groatest possible loading on the horizontal tail surface 
and to 0.33 of the load on the vertical tail surfacos. 

The minimum factor of safety for the fuselage analy- 
sis shall be S = 1,8 to 2, and S = 2.5 for the engine 
nacelles, For fuselage with engine bu-ilt in, a minimum 
S = 2.5 . may be required for the engine bearers. 

These loading conditions constitute a valuable con- 
tribution to the safety problem. The rule specifying 
that the yield limit shall not be materially exceeded even 
by breaking load, is especially noteworthy. Loads up to 
near the breaking loads can be readily sustained by such 
designed parts without affording appreciable distortion 
or internal injury. This quality, which is attainable 
for tension members by a slight increase in weight, may 
be considered as a well-worth-while aim of light-structure 
design. 

The design schedule for fuselages may seem slightly 
amusing, but it may conform in simple fashion to experi- 
ence. • 

11, Russian Loading Conditions 



The regulations established by the Central Aerohydro- 
dyriamic Institute of Moscow, and patterned after the G-er- 
man regulations (reference 70), went into effect August 1, 
1927. 

The stresses in flight (safe loads) shall bo analyzed 
experimentally or theoretically. The stipulation. for the 
stress analysis is simply the product: ultimate load fac- 
tor = safe load factor times factor of safety. The fol- 
lowing cases shall be analyzed (itltimate load factors are 
given in" table XXXIX), The load cases for the wings are: 

Case A: by maximum lift coefficient, resultant in- 
clined at 98° to the wing chord; . 
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Case B: exactly as that of the BLV, 1916; 

".. C: dive with terminal velocity. Torsion moment 
and frontal resistance on the wing shall be 
analyzed according to wind-tunnel data. The 
formula for propeller drag in diving is 

W ~ ~ J sA (1.38 - 0.63 |) (61) 

The propeller pitch 0.5 < S$ o.9 shall he measured by 
0.7 outside radius. 

Case D: exactly as in the 3LV, 1916; 

" E: wing stress by landing impact. (See farther 
on.) 

The wing ribs shall be investigated for the load dis- 
tribution givon in table XLIV. 

The load distribution across the span is given for 
six conventional wing sections. The wing loading tapers 
at the tips from 0,5 or 1.0 mean wing chord to half. 

The ailerons shall be designed for a mean ultimate 
load of p = O..0525 v^ 8 ? 125 kg/m 3 . The loading forward 
of the axis of rqtation is uniformly distributed with lin- 
ear drop to one third along the chord. The horizontal 
tail surfaces shall be analyzed for the stresses in case 
0 with a load factor n c3 ; higher than that of the wings. 
They shall also be strong enough to withstand the ultimate 
load 

P = 0.196 3Tj- v l 3 (52) 

The same applies to the vertical tail surfaces, except 
that the coefficient is n « instead of 0.196. (See ta- 
ble XXXIX. "page 29.) 

The landing-gear analysis shall include:. 

three-point landing, 2 + 0.18 v^ > 6 

side load on both wheels, 0.036 v^ > 0.8 

shock from front parallel 

to thrust line, 4 
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Conformably, float supports shall he analysed with 
the dynamic load factors: 



The fuselage shall be designed to withstand the 
stresses in flight and landing; in .case A with increased 
safety (ultimate load factor n aR ) . A lateral ultimate 
load applied at the nose of . the. fuselage of from 3 to 4 
times the weight of the forward part of the fuselage, is 
demanded. 



12. Tendencies toward Uniform and Representative 
Formulation of Strength Specifications for Airplanes 



This survey has revealed a confusing abundance of reg- 
ulations which an airplane must comply with in order to re- 
ceive official approval. 

The underlying principle of these specifications - the 
load factor - reaches back to the beginning of flying. 
Originally this term defined only the strength of existing 
airplanes. During the course of development, especially 
from experience on a great number of airplanes of the same 
kind during the war, the load factor was given a reality 
purport which did not stand the test of subsequent experi- 
ence to the extent anticipated. To illustrate: ITor all 
commercial airplanes of the same weight, or for all train- 
ing airplanes, one definite load factor was thought suf- 
ficient to avoid failures in flight. This statement needs 
to be qualified, however; that is, in such airplanes only 
the probability of failure may be small. To make this as- 
sertion with a positiveness that would be equivalent to an 
absolute truth is unsubstantiated because the experiences 
which finally led to specifying the definite load factor, 
were themselves • confined to only a limited number of air- 
pianos within a limited span of time, and for that reason 
are simply utterances of probability. 



3 + 0.18 vj, > ?, 
-1 + 0.18 v l > 3 , 

4, 



shock from front, parallel to 
thrust line. 



stern and bow impact 



side load (inclination 1:4) 



Taule XXXIX. Russian Load Factors, 1S27 



1 


Commercial Airplanes 


Military Airplanes 


Weight 
5 (t) 


<2.5 


2.5-5 


5-10 


>10 


Bomber 


Tor- 
pedo, 
obser- 
vation 


1 

Water, 
obser- 
vation 
train- 
ing 


Lend, 
obser- 
vation 
train- 
ing 


Water , 
two- 
seat 


i 

Land, 
two- 
seat 


Water, 
single 
seat 


Land, 
single 
seat ; 


Case A 


5.5 


5.5-5 


5-4 


4 


5 


6 


7 


8 


9 


10 


11 


12 


Case B 


4 


4-3.5 


3.5-3 


3 


3.25 


4 


4.5 


5 


5.5 


6 


6.5 


7 


Case C 


1.25 


1.25 


1.25 


- 


1.25 


1.4 


1.5 


1.7 


1.75 


1.8 


1.9 


2.0. 


Case D 












2 


2.5 


3 


3.25 


3.5 


3.75 


. 4.o; 


Case n^ 


7.5 


7.5-7 


7-5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


Case n cp 


1.5 


1.4 


1.35 




1.3 


1.5 


1.7 


1.9 


2.0 


2.1 


2.15 


2,25 


Case n c g 


0.196 


0.196 


0.196 


0.196 


0.196 


0.245 


0.245 


0.294 


0.29* 


C.294 


0.294 


0.294 



[t x 220^.62 = lb.) 
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Indisputably tho strossos of an airplane aro physio- 
logically and psychologically profoundly influenced by tho 
pilot of the airplane. 3ocauso this relationship is diffi- 
cult to express in figures, it was similarly concluded 
that the other physical influences on the stress which oc- 
cur regardless of tho pilot, did not have to he investi- 
gated any more closely, with the rosult that tho whole ex- 
perience was summed up in figures - the ultimate load fac- 
tors - which wore graded to conform to tho different pur- 
poses of use. The advantage of simple specifications was 
thereby obtained at tho price of lack in adaptability to 
the tochnical advances made in airplane design. The load- 
ing conditions in consequence had to be amondod periodic- 
ally, wheroby profound sagacity was used to cast the spec- 
ifications into more or loss perfect yet simplo form. One 
main purpose of this report was to presorvo the many val- 
uable recommendations and suggestions in this respect 
hitherto proffered. 

When applying the specified load factors to new, more 
powerful airplane types, a number of failures occurred 
which no longer could be reconciled with the collected ex- 
periences, and made tightening up of the regulations im- 
perative. At the same time these accidents raised the 
question of the underlying principles of the strength 
specifications as a whole, because of the danger of rep- 
etition involved, unless the physical cause of the stress 
is analyzed, 

Tho loading conditions of tho various countries show, 
evem to-day, a wide divergence from one another, a case 
in point being the ultimate load factor in case A, illus- 
trated in figure 45, Owing to its international aspect, 
standardized design requirements, valid for a considera- 
ble period of time, aro urgently needed. This desire like- 
wise found expression during the First International Safe- 
ty Congress, in Paris, December 1930. 

During its session there, the Committee on Airplane 
Structures recommended, with due regard to the aims of the 
CIHA, to increase the safety on the international air 
lines by greater structural strength of the airplanes and 
deplored the absence of uniform design specifications in 
the difforont countries. Comploto unification of those 
specifications should be aimed at 
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1. in the methods for the. determination of the max- 
imum forces which affect the individual parts of 
the airplane structure; . 

2. in the load factors for the differont flight cases 
and their application to the different parts of 
the airplane; 

3. in the methods used for determining the inside 
loads set up .by the cited outside loads; 

4. in .the assumed practical values for the mechanical 
property of tho structural materials (iiltimato 
strength, apparent and proportional elastic lim- 
its, fatigue strength) ; 

5. in the factors of safety, i.e., tho rolation "be- 
tween the actual breaking strength of a member and 
the maximum possible stress which this structural 
component has to absorb. 

At the same time, the Commission for Organization and 
Statistics recommended that 

1. every country should publish official accident re- 
ports for civil aircraft and to specially stress 
the much smaller risk in commercial aviation (ref- 
erence 71) ; 

2. accident ste.tistics be standardized, since the 
progress in aviation demands the systematic study 
of accidents as an essential basis. 

This worthy aim of unification of strength specifica- 
tions appears, however, according to all previous experi- 
ences, to be attainable only when the multiplicity of aero- 
nautical probloms are :nore taken into account than hither- 
to, and when thes'j pro'olems (stress analyses) are carried 
out on a large scalo along internationally agreed linos. 

The existing specifications for airplanes r.oliovo the 
designer of an essential share of his responsibility and 
give him a not .always .causative feeling of safety. 

The ideal state in airplane design - realizable, per- 
haps, in the remote future - is coraplebe freedom and re- 
sponsibility of the designer for the choice of sufficient 
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strength. But this state presupposes a very reliable and 
widely diffused knowledge of stresses and a certain inter- 
ruption to technical development. At present we are far 
from that stage. There is soae justification in calling 
present-day air transportation experimental operation. 

So long as these presumptions are not fulfilled, it 
would hardly be wise to discard minimum requirements for 
the strength of airplanes. But those reqiiir ement s should 
be so formulated as to vest as much responsibility as pos- 
sible in the designer rather than to tie him down to spe- 
cific load cases. Prom the technical . point of view, it 
would necessitate bringing the physical process of the 
stress closer to the designer , by suitably . formulated regxi- 
lations and by supplying him with research data regarding 
the anticipated expectancy of the stresses. This would 
enable the designer to analyze the stresses of the airplane 
himself from certain prescribed initial conditions and in 
that way to take into account the more or less propitious 
characteristics of his design project. Ostensibly, this 
method, is/superior, to that of the orthodox schematic coef- 
ficients that the increased paper work involved is of no 
consequence. 

When, at present, it takes about. 200 working hours to 
merely analyze the stresses of the control surfaces, the 
labor of 50 hours more for computing the outside loads 
acting on the control surfaces is not prohibitive, because 
the 200-hour static calculation is not made for its own 
sake but rather to assume a substantially safe knowledge 
of the outside loads. To illustrate: If approximation 
methods with the least total error were used for the stress 
and the aerodynamic analysis, one might perhaps become of 
the opinion that it takes 200 hours to calculate the out- 
side loads, inclusive of a test in the wind tunnel, and 
but 50 hours for the stress analysis by approximation meth- 
od. This illustration is typical of many other cases. 
The accuracy of the stress analysis in airplane design to- 
day is still in marked disagreement with the accuracy of 
our knowledge on air loads. And since this knowledge can- 
not be increased at once, but only in slow stages by wea- 
risome experimental work, a lesser degree of accuracy in 
static analysis may be permitted for the present if there- 
by the designer is relieved for the more exact investiga- 
tion of the outside loads. Should the designer be averse 
to undertaking comprehensive investigations into the out- 
side forces' and making detailed stress analyses - perhaps be- 
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cau.se the smal.lness of the economic object prohibits this - 
a^c^onden'sed stress analysis with loading conditions sim- 
plified" toward the . saf e side^might. "be permi ssible. 

Unquestionably there will be much opposition at first 
on the . part of airplane builders.,, against any change in 
design practice, but. the change is necessary and' will have 
to. come sooner or later. 

When disctissing . the causes of accidents, which really 
have supplied up to now the chief reason for changing the 
strength specif icati ons, . the designer i s, wont to ascribe 
the fault to the pilot, unless plain material or manufac- 
turing defects have been proved., and to stress the fact 
that no dosigner could design a f oo.lproof airplane; that 
flying is, and always will bo a dangerous profession, and 
is against any and all tightening : up of specif i cat ions' 
which would lower the ; useful load. This stand is -justified 
to a certain extent. ' A careful and skilled pilot can fly 
even a less strong airplane in safety, provided he very 
scrupulously refrains from, high speed, flying through 
clouds, flight at low altitude, rapid control maneuvers, 
etc. One weighty argument on the part of the designer 
quite often is the assertion that an experienced pilot has 
the right feel for accel eration • and that the tradition of 
artistic flying itself prohibits the exceeding of certain 
elevator-displacement speeds and accelerations. 

But the fallacy thereof i s ■ proved by the accidents" 
which do happen to very experienced flyers, and in which 
the airpl ane . flying without useful load must have reached 
abnormally /acielerations at failure which exceeded the usu- 
al amount many times. It is therefore not advisable to 
depend on ideal pilot qualities. 

Should it be undesirable to increase the 'hazards of 
air transportation, especially with now types of ' airplano s , 
it will then be necessary to assume very unfavorable,; phys- 
ically possible interactions of the pilot "oh -the; control 
system within a certain speed range with which the- pilot 
is familiar and to include them in the analysis. 

Lastly-, as far as,., the main- worry of the airplane de- 
signer -..pay load and speed - is concerned,- it should be 
remembered that this recommended change in'design practice 
does not necessarily imply a.' greater design weight " of the 
airplane. ' -: ■ : - • 
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The very fact that for each design the outside loads 
must be determined conformably to the prescribed initial 
conditions, offers new possibilities in weight saving by 
appropriate outer forms of the airplano and in eliminating 
indiscriminate, superfluous material accumulations in the 
airplane. These possibilities, however, should only be 
attempted in connection with the problem of flight quali- 
ties. It would be erroneous to sacrifice good flight qual- 
ities in order to insure low stresses. Highly loaded air- 
planes in particular, promise considerable saving in weight 
in this respect, without increasing the probability of ac- 
cident.: How much actually is attainable in this way hp.s 
been proved by the record flights with overloaded airplanes 
which in part were made with extremely low ultimate load 
factor without incurring wing failure. A schematic . appl i- 
cation of these load factors in continuous service, on the 
other hand, may lead to fatigue failures. Thus it is seen 
that the type of the produced stresses and the stress pro- 
cedure must be first analyzed in detail, before proceeding 
to the stress analysis. 

The service life of a modern airplane is still quite 
short as compared to other vehicles. The number of load- 
ings and unloadings of the wing is comparatively small, 
the load changes in flight are, in so far as frequency is 
concerned, of such low magnitude as to have only rarely 
induced fatigue failure. The same applies to control sur- 
faces. The necessary resolution of airplane design into 
thin-walled components, postulates low specific material 
wear and less stress and fatigue failures than stability 
failures. 

For the present at least, most severe failures in vi- 
tally important parts of an airplane, such as wings and 
control surfaces, are unquestionably caused by one-time 
effective, particularly great, outside loads. Aside from 
that, there are, of course, a greater number of fatigue 
failures on engine supports and on the body end and skid, 
but which as a rule are not serious. In those parts the 
number of stress reversals due to the inertia resistance 
of the gearing or shocks when dragging over rough ground, 
attains to the order of magnitude of 10 s after a short time 
and thus may induce fatigue failure. As a rule, the num- 
ber of fatigue failures in general machine construction, as 
well as in airplane engines, is admittedly greater than 
all other types of failure (reference 73) • 



As concerns increase in the average life of an air- 
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plane, the designer must be given data regarding the expec- 
tancy of rare, but extremely high stresses as veil as about 
the anticipated expectancy of all low stresses which may 
occur in service. 

These last-cited data will under certain circumstances 
serve less for the dimensioning of airplane parts than for 
computing the life span which the airplane can probably 
reach without fatigue failure. For it may be far more 
•economical to replace an airplane after a stated period of 
service by a new one thaii to drag along the additional ma- 
terial quantities necessary to avoid fatigue failuro as 
doad weight d\iring the entiro service period, in the face 
of an expectancy of perhaps 0,8 that the airplane becomes 
obsolescent or is. lost through some cause or other before 
completing its service period. 

Our knowledge on the expectancy of stresses in actual 
service is as yet so meager that statistical data are 
scarcely possible (reference 73) . Such data are not to 
be expected for some time, until the results of the sta- 
tistical work now undertaken, have been completed. They 
may be utilized in two ways, 

First, it will be possible to effect the testing of 
airplane materials or built-up components for fatigue 
strength true to actuality, by permitting the amplitudes 
to increase or decrease during the tost under assumption 
of uniform di stribxition over the test period periodically 
conformably to the expectancy curve measured in flight. 
This may be accomplished by electromagnetic fatigue- 
strength testing machines with grid-tube control (refer- 
ence 74). This kind of fatigue strength has not been ex- 
plored heretofore; neither has there been much research 
into fatigue strength j,n the narrower sense by constant 
amplitude in the range of smaller number of reversals of 
the order of magnitude of IP 1 to 10 s , because it has lit- 
tle significance for general machine. design . But for air- 
plane design, knowledge of this range in connection with 
tho expectancy curves recorded in free flight, will be 
very valuable. 

The more, important practical result of tho statisti- 
cal research will presumably bo that from these expectancy 
curves the probable expectation of failuro in unit time is 
ootimablo for a one-time appearance of extraordinarily high 
outside loads by extrapolation in direction of lesser ex- 
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pectancy, say, conformably to Gauss' error curve and de- 
termination of the section point with the. prevailing ulti- 
mate strength. (See fig. 1.) By sxich investigations the 
airplane crash data which up to now formed the basis of 
the strength requirements, can be extended in a less sac- 
rificing manner. Aside from that, the crash data should 
bo interpreted from careful inquiries of tho accident and 
of the qualities of tho crashod airplane as far as possi- 
ble, and tho statistical data should start with airplanes 
of that very type after satisfactory strengthening of the 
broken part, in order to measure the expectancy of the 
cause of failure or to determine the limits of error of 
the above-cited extrapolation. It is in this direction 
that the D.V.L. is actually proceeding and by means of 
which, strength requirements true to reality will be grad- 
ually evolved. 

The data on failures collected so far, are partly in- 
corporated in the present strength requirements and give 
even now some valuable hints for the future formulation 
of strength requirements, of which the following is a brief 
r e sumo . 

Stresses in Plight 



Our accident statistics prove that all airplanes 
should be at least strong enough to withstand the stress 
produced by pull-out from maximum unaccelerated horizontal 
flight at ground level (fig. 46) . This stress while rare 
is. nevertheless not so improbable even with experienced 
pilots as to merit no consideration 

In sharp pull-out, normal force coefficients are tem- 
porarily possible which far exceed the maximum normal 
force coefficients recorded in a steady attitude, because 
the separation of the unsteady flow as result of lack of 
time to form a dead air space does not occur except at 
high angles of attack (reference 75)/ The height of the 
normal force coefficient reached by pull-out is dependent 
upon the strength of the pilot, the type and dimensions of 
the horizontal tail surface, and the retarding effect of 
the damping members parallel to the elevator. The stresses 
in small maneuverable airplanes are usually higher (refer- 
once 76) • 



In order to allow for all these effects it appears 
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expedient to begin the investigation with a stick force of 
about "40 kg (88.18 lb.), which corresponds to two-handod 
continuous pulling and pushing i! oh the 'control- column (ref- 
erence 41; • If automatic control systems aro used, the 
available maximum pressuro for manipulating the servo pis- 
ton could bo used as basis for analyzing the initial 
stress (roforonco 77). 

It is extremely difficult to determine the stress of 
slotted wings with automatic flap. Abnormally high normal 
forces aro possible which await determination by experi- 
ment. 

In small airplanes a 40 kg stick force may suffice to 
put the elevator quickly hard over. But' in large airplanes 
it would be quite difficult to analyze the elevator dis- 
placements in that manner because the elevator moments are 
markedly affected by small variations of the balance. Hero 
is whore statistical research must supply the information. 

The physiological fact that the type of control oper- 
ation is decisive for the stresses, is not to bo doniod in 
spite of it. 

As against cruising spood the maximum horizontal speed 
merits the preference as basis of the investigation bocauso 
in most cases it forms the limit of the speed range with 
which the pilot is familiar and which can bo reliably es- 
tablished. In special cases, where a largo power reserve 
is used only for starting, climbing flight or for saving 
the engine, the above citod roquiroment may be used when 
the pilot guarantees to keep within the narrower speed lim- 
it. But even in that case, the 1.2 times cruising speed 
at the lowest will have to be used as basis because, the 
failure happens only by the coincidence of two, in them- 
selves, rare results,- namely, exceeding the usual cruising 
speed and applying more than the customary stick force. 

In heavily loaded airplanes, i.e., such as even by full 
horsepower can fly horizontally only with high-lift coeffi- 
cient, the attainment of maximum normal force coefficients 
is more frequently to be expected, especially when the gust 
stress is included. The analysis of airplanes of that kind 
should therefore include the fatigue strength of the mate- 
rial and the investigation of sharp pull-out can likowiso 
be extended to include higher speeds. 



♦For references 39 to 60, inclusive, see Part II ( T . M . No. 
717) . 
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In the existing 'strength';requirements the stresses 
at high speed in vertical glide and dive take up consid- 
erable space. This is due in part to the classic two-spar 
wing design, with its low torsional stiff noss, in which 
high strength was required so as to insure sufficient 
rigidity in sorvico, and in part to the marked center of 
pressure travol of the old wing sections. At present a 
large percentage of all airplanes - commercial airplanes 
in particular - rarely, if ever exceeds its maximum hori- 
zontal speed, and then not very materially. Besides, these 
airplanes often have, for structural reasons, very torsion- 
resistant wings and wing sections with fixed center of 
pressure. Their strength is therefore largely contingent 
upon the pull-out from maximum horizontal flight and the 
stresses produced in gusts. Aside from this, it is advis- 
able to limit the maximum gliding speed for all airplanes 
to a push of about 40 kg on the control column insofar as 
the special purpose doos not call for protracted gliding 
flights with a certain gliding angle. In small airplanes 
the thus-characterized gliding speed will correspond to 
the terminal dynamic pressure in diving, that is, the max- 
imum attainable dynamic pressure, whereas in larger air- 
planes the gliding speeds may bo considerably lower, de- 
pending on the type of design, . 

When the special purpose of an airplane is other than 
frequent diving or gliding at high speed and does not call 
for special fatigue tests of the material, the airplane 
can bo designed so as to withstand tho maximum gliding 
spoed as woll as the subsequent process of pull-out. 

The pull-out can be visualized as the pilot releasing 
the control and the airplane by virtue of its longitudinal 
stability tending toward a greater angle of attack. Here- 
by, without appreciable change in flight speed, the ambit 
of small angles of attack is rapidly passed, during which 
the normal forco grows proportionally to the angle of at- 
tack. The maximum -normal force finally acting on the wing, 
depends on the shape of the control surfaces and should at 
least correspond to tho lift coefficient 0.25 c a ma3C . (ref- 
erence 7S) . Within range of higher angles of attack and 
lower flight spoed, a linear course of the normal forcos up 
to that of sharp pull-out from maximum horizontal flight 
can be assumed for the time being.' (See fig. 47.) Sim- 
pler yet is the assumption of a constant normal force in 
this angle of attack range (fig. 43 and the dottod line 
in fig. 47) , which should suffice for wing sections with 
little center of pressure travel. A'recont suggestion 
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(refer-ence. 84) yields load factors inversely proportional 
to the gliding angle by an assumed constant . to tal drag. 

Some elucidation on this still probelmatical angle of 
attack range by statistical research is very much desired 
for the future. For special -purpose airplanes - for stunt 
flying, for instance - the assumption of sharp pull-out 
mu3t bo extended to : include higher gliding speeds also. 
In the extreme case, the maximum gliding flight, dynamic 
pressure alone would then be decisive for the s trength (in^ 
tersection of dot-dash lines in fig. 47). 

During rapid change from horizontal flight to steep 
glide, as well as in certain other flight evolutions, the 
normal force acts in -opposite direction on the wing, so 
that such stresses should likewise bo investigated in train- 
ing and acrobatic airplanes, the analysis again beginning 
with the maximum horizontal speed and a push on tho control 
stick. The wing strossos in inverse direction duo to gusts 
aro treated olsowhoro. In a controlled roll tho tail sur- 
faces are subjected to considerable torsional strossos 
about the longitudinal axis of tho airplane. 

Aside from these, the analysis of the stresses in 
flight evolutions appears unnecessary, because they either 
are smaller than the initial stresses or else the evolu- 
tions, such as looping, consist of pull-out motions. 

An exception is the rudder and the aileron control. 
Here again one proceeds from the maximum horizontal speed 
and with stated continuous stick forces, say about 70 kg 
(154.32 lb.) foot power for rudder control, and a stick 
force of about 10 kg (22.05 lb.), or a moment of about 15 
kg (33.07 lb.) for aileron control. The maximum tempora- 
rily executable stick forces are substantially higher, and 
run as high as 160 kg (352.74 lb.) for the elevator, 275 
kg (60S. 27 lb.) for the rudder, about 45 kg (99.21 lb.) 
for the aileron, or 35 kg (77.16 lb.) as couple (reference 
41). But these moro than four-times-higher forces have to 
sustain only the control surfaces - at the most, the mov- 
able .surfaces - because their effect is only intermittent. 

The highest attainable rate of displacement f or al-1- 
controls and all control forces is about 2 m/s (6.56 .ft,/ 
sec). For small and medium-sized airplanes, it may be 
assumed that the continuous control forces themselves are 
sufficient to move the controls hard over within 0,1 s. 
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This assumption facilitates the determination of the stress 
in analysis (reference 78) or wind-tunnel experiment. 

Simplifications such as these toward the safe side 
are desirable in limited number for the design of small 
airplanes, because in these many pieces must be made of 
heavier size anyway, for various reasons, and the paper 
work' incidental to 'stress and strength analysis is usually 
not justified by . tho little g-ain in useful load. 

Apart from the arbitrarily produced stresses, those 
induced by irregular atmospheric disturbances (gusts) must 
also be analyzed, especially insofar as it concerns com- 
mercial airplanes. The basis of the analysis is again 
the maximum horizontal speed at ground level. 

The intensity of the stresses depends upon tho speod 
pf the unsteady air currents in direction, extent, and 
type of transition into undisturbed atmosphere. These in- 
fluences can be mathematically segregated and in particu- 
lar, it is possible to correlate the influence of the os- 
cillation frequency of the wing with the stress intensity 
(reference 79). But the. interpretation of the flight meas- 
urements as well as of the strength requirements postulates 
first an idealization consisting of assumed wing rigidity 
and simultaneous entry of both halves of the wing into an 
extensive, air current at right angles to the direction of 
flight, whose velocity, over a very small distance rises 
from zero to a constant value w. 

This velocity is quite often w = 10 m/s (32.81 ft./ 
sec); more seldom w = 13 to 15 m/s (42.65 to 49.21 ft./ 
sec.) in Central Europe, according to flight. tests and ac- 
cident statistics. It is more dangerous, for small wings 
amd tail surfaces because they are more quickly engulfed 
within a dangerous zone than large surfaces. For the pres- 
ent at least, all airplanes should be so designed as- to 
withstand an ideal gust of W ~ 20 m/s (65.6.2 ft. /sec,), 
for one time, and in special ' cases the wing resistance 
against fatigue failure should be investigated conformably 
to the expectancy of the lower gust stresses determined 
from flight tests. These figures are subject to climatic 
conditions. The exploration of . the expectancy curves ne- 
cessitates, statistical research in different climatic ■ := : ,. 
zones. * 

The problem of partial superposition of gust stress 
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and ' intentional stress must for the time being be deferred, 
in spite of its importance. 'When, later on, individual ex- 
pectancy curves for both typos of stresses are available , 
then, the 'height of the .provable superpositions can be es- 
timated. ' ' /'. ' . \ . 

\Tlie; distribution ' of the'. air ■'•pressure ''over the -wings 
and 'tail surfaces must be carefully analyzed., in* all cases. 
In ioad-carrying wings the .stress, is. decisively affected 
by this '.distribution. 

Consider able data are. available on this subject (rof- 
oronco 80) which, .although it applies only to steady flow 
conditions, 3hould suff ico provisionally. . 

The problem of wing and tail flutter should al so : .bo 
made tho subject of .a' special, analysis. In order to avoid 
this flut ter 'within the whole speed range, it is necessary 
to insure a certain minimum degree of stiffness and in tho 
vibration frequencies of the..w,ing, tho prediction of which 
is extremely difficult. The difficulty lies less in the 
investigation of the flow processes on the oscillating 
wing than in the analysis. of the. static oscillation fre- 
quencies of such a complex structure as is th.e airplane. 
Excepting the cantilever monoplane., the analysis will for 
the. present at loast have to bo limited to tho experimen- 
tal determination of tho static oscillation frequencies 
on the complofe airplane, followed' by an investigation to 
determine whether or not forced wing or . t.ail vibrations 
aro possible within the particular speed range. 

'. The. dango'rous wing flutter, observed iip t.d now in flight 
as well as the accidents caused by wing flutter , were prima- 
rily due to aileron oscillations. Two known commercial 
high-wing- monoplanes "developed severe wing flutter at" cruis- 
ing speed when the aileron control cables became loose. 
According to. various flutter investigations, observations 
in flight and -accidents, the ratio of wing "chord to wave 
length of an oscillation which give's a measure of ...the in- 
tensity of tho roquirod oscillation froquency of the wing, 
ranges between 0.20 ani 0.:»38. The exciting conditions aro 
ostensibly most propitious in this range. Thofo. aro, no. 
oscillations when, this' ratio i,s. groat or', because tho dp- 
creased. .oAergy absorption np longer suffices to overcome' 
the .ever-present' material' damp .r*. xx'.-g. The ratio does not 
exceed 0.27 when the air and mass forces of the ailerons 
are carefully balanced. Any further feasible wing vibra- 
tion with the two degrees of freedom - bending and toreion - 



42 



F, A.'G. A. Technical Memorandum' ITo . 7-18 



are more easily and reliably computable and .structurally 
controllable (reference 48). 

Wing flutter can be avoided when the designer gives 
the wing such a high torsional vibration frequency (and 
through it, rigidity) that at the critical speed stipulat- 
ed in the strongth specifications the ratio of wing chord 
to wave length is > 0.38 or > 0.27 by careful aileron- 
mass balance. As to tail flutter caused by eddy separa- 
tion on wings, on the fuselage, or propeller blades, it 
should be borne in mind that the frequency of the vortex 
streets formed aft of these parts is proportional to the 
flight speed, and does not coincido with tho froquoncies 
of the torsional' vibration of the fuselage and tho flex- 
ural vibrations of the tail, and that as far as possible 
all integral relations of these frequencies be avoided 
(reforonco 81). The roar end of the fuselage in partic- 
ular, should have ample torsional stiffness. 



Stresses at Take-Off and landing 



The stresses at take-off from level ground or calm . 
water are reliably computable, since the accelerating 
thrust of the propellers or of the starting catapult is 
accurately known. When the ground is other than level, or 
the water is not still, stresses occur during taxying 
which heretofore were not amenable to analysis, because 
the ground' obstacles, bunches of grass, furrows, snowdrift 
and the form of the water waves are so diversified that 
statistical data alone can givo a solution. These taxying 
stresses moreover depend upon the speed" and on the shock 
absorber, respectively, the form of the float- support sys- 
tem. The highest stresses ordinarily occur with a medium 
taxying. speed, where the weight of the. .airplane is for the 
most part carried by the wheels or the float support s , re- 
spectively. These stresses occur so frequently that inves 
tigations of the stressed parts for fatigue are necessary 
conformably to the expectancy curves. 

The most elementary kind of landing is the steady 
glide with throttled engine and minimum sinking speed. 
Even though the pilot usually flattens out over the ground 
to soften the landing shock, the above-cited method of 
landing is frequently used and is, in fact, nocossary when 
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landing in the dark or at places surrounded "by obstacles. 
In order to allow for Ideal" Irregulariti es o.jf.-.the landing 
area or "slope of the wave- crest s.- and their velocity, the 
gliding angle for slowest gliding flight with power off 
as well as the inclination of the-lateral axis- should be 
suitably complemented in accord^with the surface condi-,. 
t.io'ns .of the ground, the seaway, ' and the wind (refer^jice" 
82) » One must also figure with the possibility that/the/; 
landing is not exactly into the wind; that is # that the" 
airplane has a lateral drift. 

The vertical drop of the airplane to the ground can 
be effected at different inclinations of the .longitudinal 
and lateral axis, which can be limited to the following 
positions : 

l a Thrust line horizontal; 

2. Flight attitude with maximum angle -of attack at 

the limit of longitudinal stability; 

3. Inclination of lateral axis until the wing tip 

touches the ground. "■ ■ 

Then the landing gear or floats are to be strong 
enough to withstand the most unfavorable combination of 
these loads. The landing gear shock absorber may be al- 
lowed to travel up to its stops, but' the stops should nev 
er be reached at a low frequently occurring stress, or 
else the danger of breakage increases enormously. The re 
mainder of the airplane, especially the passenger cabin o 
cockpits should be so designed as to withstand stresses 
which are from 10 to 20 percent higher. 

The impact on landing gear or float supports can be 
analyzed conformably to the laws of eccentric impact of a 
free body against a rigid wall (reference 83) , provided 
the load increment is known as function of the, time and 
travel or depth of immersion. But since this is not ob- 
tainable in a great many cases except by admitting exten- 
sive simplifications, .(reference 45), the information must 
be gained from measurements of the normal and rotary ac^ 
colorations incurred by the landing shock or by tension 
measurements on individual parts of the structure (refer- 
ence 47) . 
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Jn. oblique landing the second impact upon contact on 
the other wheel may be more severe than on the first, and 
the skid impact following a wheel, impact can likewise be 
more severe than the first skid impact, in a tail landing. 
Aside from the damping effect of the wings and tail by- 
landing impact the impact forces at the first and .second 
contact are identical when the product of the distances of 
the shock normals from the center of gravity is equal 'to 
the square of the inertia radius. 

In which case the. strength of both wheels or floats 
is utilized to best advantage. 

The stresses in miscarried. or . forced landing require 
special consideration. It has already been mentioned that 
the chassis should have a lower breaking strength than the 
other parts of the airplane, especially the passenger cabin 
or cockpits, if it affords the passengers protection a- 
gainst injuries. The nose of the fuselage or the 6ngine 
mount should be able to sustain considerable distortion af- 
ter failur.e of the chassis. The passenger cabins should 
sustain as little damage as possible when the nose'of the 
fuselage breaks or the wing hits the ground. Since it is 
physically possible to stand instantaneous accelerations as 
high' as 10 for a short period without harmful effect it is 
especially desired that the cabins including the seats and 
safety belts of small airplanes be designed to withstand a 
10-time force of, gravity in direction of the engine axis. 
For large airplanes the forced-landing expectancy is less 
(reference 71), and consequently, the ratio of distortion 
by failure of chasis, of tip of. fuselage or wings to the 
total kinetic energy at landing, is for such airplanes usu-- 
ally greater, than in small aircraft, for which reason the 
dair.ages in a forced landing are never as severe as with 
snail airplanes. 

One may therefore question whether the considerably 
greater weight of large airplanes, which would be necessary 
to obtain the above cited strength could not be used to 
much better advantage for strengthening other vitally im- 
portant parts or, for -improving the instrument equipment, 
in order to bring the total accident expectancy to a mini- 
mum a 

Injuries to passengers are rare in forced l'anAings 
of seaplanes. The protection of passengers against 
drowning is c„ purely constructive safeguard, water- 
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tight compartment s and large fore-body length for protec- 
tion against capsizing. 

In conclusion we mention the stresses due to propel- 
ler thrust and gyroscopic moment, due to application of 
wheel "brakes and towing as well as the requirement, espe- 
cially as concerns small airplanes that vital parts may 
not be endagered by handling. 



Summary 



The historical development of the rules for structural 
strength of aircraft in the leading countries is traced 
from the beginning of flight to date. 

The term "factor of safety" is critically analyzed; 
its replacement by probability considerations has been con- 
sidered desirable. 

One feature common to the strength specifications of 
every country is the application of the actual strength of 
existing airplanes of approved types primarily proportion- 
al to the total airplane wieght or the aerodynamic surface 
to new designs. Tho studied disregard - due to this sim- 
plification - of the more or less complicated process of 
stress in the face of the consistent advance in aerodynam- 
ics could not fail to show as result that efficient new 
airplane types were impressed by greater stresses than the 
experiences collected conformably to the older types led 
one to anticipate. The consequence was the need for re- 
peated changes in the strength specifications. 

In order to prevent the technical development from 
overtaking the specifications as much as possible it has 
been deemed necessary to analyze the'physical process of 
the stress more in detail than hitherto with the aim toward 
a truly representative stress analysis, for which various 
suggestions and recommendations are outlined. 



Translation by J. Vanier, 
National Advisory Committee 
for Aeronautics. 
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Figure 42,-Safe load factor by dynamic 

pressure q for two acrobatic 
airplanes (index 0. with speed limitation) . 
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Figure 43*-Load dis- 
tribution 
in direction of wing 
chord (Italy sugges- 
tion, 1931). 
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Figure 44. -Load distribution 

over wing ribs, 
(source: loading conditions 

of the Soviet Ud SSfi, Figs. 

IS - 21). 
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Figure 45. -Comparison of 
ultimate load 
factors in case A as of 1929. 
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Figure 46. -Wing fail 

tires. 
Dynaihic pressure at 
failure q. computed 
from the highest 
steady lift coeffi- 
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weight of the air- 
plane in t. 



Figure 47. -Wing stress versus 
lift coefficient. 
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